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SHEET MATERIAL CONVEYING APPARATUS, 
RECORDING APPARATUS AND RECORDING SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a sheet material 
conveying apparatus for conveying sheet material one by 
one by separating it them from those stacked and held, 
The invention also relates to a recording apparatus that 
records on the sheet material serving as a recording 
medium, and a recording system for controlling the 
recording apparatus as well. 
Related Background Art 

Conventionally, and generally, there have been in 
wide use the ink jet recording apparatus, the leas e r 
laser beam printer, and the like, which perform 
recording by means of ink jet recording process or 
electronic photographing process by conveying only one 
sheet of recording medium separated from a stack of the 
plural iiumbeir of sheets after being set on a sheet- 
feeding tray or a sheet feeding cassette . 

Also, along with the advancement of the ink jet 
recording process or the electronic photographing 
process, it has become possible to provide the output in 
as high quality as almost a photograph. 

On the recording medium side, too, various and many 
kinds of specially treated medium are available on the 
market, such as the one having an ink acceptance layer 
on the surface of the medium in order to make clear 
color reproduction or having a glossy layer in order to 
produce the sense of glossiness. 

On the other hand, the copying sheet used mainly 
for text recording or the like, that is^ the so-called 



- 2 - 

normal mediurrij, is still in wide use in terms of 
quantity. 

To meet the requirement for the convenient use of a 
recording apparatus, there exist th e recording 
5 apparatuses capable of handling both the specially 

treated medium and the normal medium overwhelmingly. 
As the separation mechanism for separating and 
feeding these various and many kinds of recording medium 
one by one, the following typical ones are available: 
10 1) Nail separation 

2) Inclined plane separation 

3) Frictional separation 

4) Retard separation.^. 

The nail separation listed as Item 1) above is 
15 arranged to perform the separation by bending the edge 

portion of medium so as to enable it to get over the 
nail. Therefore, if the medium has thickness beyond a 
certain extent, a large conveying power is required for 
bending it. In the sense of practicability, therefore, 
20 this type is mainly used for separating the normal 

medium. 

The inclined plane separation listed as Item 2) 
above is arranged to perform the separation by favorably 
setting the relations of the magnitude difference among 

25 the resistance of re c oding the recordinQ medium when it 

passes the inclined plane upward, the friction between 
one sheet of medium and another, and the conveying power 
given to the medium for the intended separation . 

The frictional separation listed as Item 3) above 

3 0 is a method for preventing double feeding by use of a 

member having higher friction coefficient than that of 
the recording medium, which is called a separation pad 
(friction pad) . This method depends on the friction 
force between the separation pad and recording medium in 

3 5 order to interrupt the progress of the recording medium 
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for the prevention of double feeding, which makes it 
difficult to select a separation pad effectively usable 
for various and many kinds of recording medium. 
Moreover, the friction force between the separation pad 
5 and medium tends to vary depending on the environmental 

conditions. Thus, there is a limit to the reliability 
of separation performance. 

The retard separation listed as Item 4) above is 
formed by a driving roller that feeds a recording 

10 medium; a driven roller, which is in contact with the 

driving roller under pressure exerted by a constant load 
to follow the rotation thereof; and a torque limiter 
that provides the driven roller with the torque of 
rotational load when it rotates in the conveying 

15 direction of recording medium. In accordance with this 

method, the torque of rotational load generating 
generated by the torque limiter contributes to 
interrupting the progress of recording medium for the 
prevention of double feeding. In other words, the force 

2 0 needed for gettin g holding the recording medium back, 

which is converted from the torque of the rotational 
load provided by the torque limiter, is set at a value 
larger than the friction force between medium and medium 
adi acent mediums when plural sheets thereof are put into 

25 the gap between the driving roller and the driven 

roller. Thus, those sheets of medium are not allowed to 
pass as they are in overlapped condition. The sheets 
are made apart between them, and only one sheet is 
separated form from others . 

30 The superiority of this method is that the force 

needed for g e tting holding the medium back can be 
controlled constantly by means of the torque of 
rotational load provided by the torque limiter. 
Therefore, unlike the inclined plane separation or the 

35 frictional separation, there is no difference resulting 



- 4 - 

from the kinds of medium as to the resistance when being 
separated- Also, among some others, this method has an 
advantage that it is not easily influenced by the 
environmental conditions . 
5 Now, in conjunction with Fig. 8, the description 

will be made of the conventional example of the retard 
type feed and separation device. 

This sheet -feeding and separation device conveys a 
medium 102 to an image -forming portion (not shown) . The 

10 sheet-feeding and separation device 101 is provided with 

a pickup roller 105 that feeds and conveys a medium 102 
on the uppermost layer one by one from the storing 
device 103 where the plural number of medium mediums 102 
is stacked; a driving roller 106 that conveys the medium 

15 102 thus fed and conveyed by the pickup roller 105 to 

the image- forming portion (not shown) ; the retard roller 
107, which is positioned to face the driving roller 106 
and separate one sheet of medium by rotating in the 
direction opposite to the driving roller 106 when the 

2 0 fed and conveyed medium 102 is in plural sheets; and a 

conveying roller pair 9 arranged in front of the image - 
forming portion. Also, for the area where the recording 
medium passes, guides 111 and 112 are arranged to guide 
the medium 102. 

25 The driving roller 106 and the retard roller 107 

are driven by the driving power transmission device 113, 
which is shown in Fig. 9. The driving power 
transmission device 113 comprises the driving roller 
shaft 115, which axially supports the driving roller 

30 106; the retard roller shaft 116, which axially supports 

the retard roller 107; and the retard roll driving shaft 
117, which is connected to the retard roller shaft 116. 
The retard roller shaft 116 is supported by a supporting 
member (not shown) , which swings freely, to be able to 

35 be in contact with or away from the driving roller shaft 



115 in parallel thereto. Also, a coupling 119 and a 
torque limiter 12 0 are arranged between the retard 
roller shaft 116 and the retard roller-driving shaft 
117. Further, at the end portion of the driving roller 
115, there is arranged a clutch 122 to transmit the 
driving power, which is transmitted from a driving 
source (not shown) through a driving belt 121, to the 
driving roller 115. Also, between the driving roller 
115 and the retard roller-driving shaft 117, a retard- 
driving belt 123 is tensioned around to transmit the 
driving power, which is transmitted from the driving 
roller 115, to the retard roller- driving shaft 117. In 
this respect, even if the retard roller 107 is 
displaced, the coupling 119 exists in order to transmit 
the driving power from the retard roller-driving shaft 
117 to the retard roller shaft 116. 

When the medium 102 is conveyed by the driving 
transmission device 113 one by one in the sheet -feeding 
direction (direction indicated by arrow b in Fig. 8 and 
Fig. 9) , the retard roller 107 follows the rotation of 
the driving roller 115 in the direction opposite to the 
direction of the rotational driving of the retard roller 
driving shaft 117, because the torque limiter 120 is 
idle in rotation. 

Also, when plural sheets of medium 102 are put into 
feeding, the torque limiter 120 is not idle, and the 
retard roller 107 rotates in the same direction of the 
direction of the rotational driving of the retard roller 
driving shaft 117, because the friction force exerted 
between plural sheets of medium is smaller than the 
friction force between the retard roller 107 and the 
medium 102. In this manner, only the uppermost medium 
is separated from the plural sheets of medium 102 put 
into feeding. 



Here, as described above, the transmission of 
driving power to the retard roller 107 is not 
necessarily needed. Only with the structure having the 
torque limiter 120, the separation device can be formed. 

Next, dynamically, the description will be made of 
the conditions that may satisfy the sheet feeding and 
separation of recording medium 102 in the sheet -feeding 
and separation device 101 structured as described above. 
Here, the symbols used for this description will be 
defined as follows: 
Symbols 

//1*2: friction coefficient between paper sheets of 
the 1st and 2nd sheets 

// 2 • 3 : friction coefficient between paper sheets of 
the 2nd and 3rd sheets 

//B'c: friction coefficient between the backside of 
paper sheet and the retard roller (c) 

/uF'SLz Friction friction coefficient between the 
front side of the paper sheet and the feed roller (a) 

ju F'h: Friction friction coefficient between the 
front side of the paper sheet and the feed roller (b) 

P: the pressing force of the retard roller 

N: the pressing force exerted by the pressure plate 
to the feed roller 

Tc : the free-running torque of the retard roller 
(the maximum torque generated) 

rc : the radius of the retard roller 

Fig. 10 is a view that shows the dynamic model in 
the case where only one sheet enters the separating 
portion. Fig. 11 is a view that shows the dynamic model 
in which two sheets enter the separating portion. In 
Figs. 10 and 11, the recording surface (the surface 
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side) is on the upper side, and the backside is on the 
lower side. Respectively respectively ■ 

In Fig. 10, the following two conditional 
expressions are established: 

The condition under which the first sheet is 
conveyed : 

//F*b X P + //F-a X N > Tc/rc + //1-2 x N 

In other words, P > Tc/(//F-b x rc) - Nx (//F-a- 

//l-2)//iF-b...(l) 

The condition under which the retard roller (c) 
generates the free-running torque without sliding: 

//B*c X P > Tc/rc 
In other words, 

P > Tc/ (rc X /iB-c),.. (2) 

Also, in Fig. 11, the following separating 
conditions are established: 

The balanced force exerted on the second sheet: 

//1-2 X P + //1*2 X N = /i2*3 X N + Rc... (3) 
The condition under which the retard roller (C) 
stops : 

Rc > Tc/rc ...(4) 

The condition under which the first sheet is 
separated from the second sheet in accordance with the 
expressions (3) and (4) : 

//1-2 X P + //1-2 X N< /i2-3 X N + Tc/rc ...(5) 

In the expression (5), given pi 1*2 - //2*3, the 

conditional express expression becomes as follows: 
Separating condition : 

//1-2 X P < Tc/rc 
In other words, 

P < Tc/(rc X //1»2)„. (6) 



Fig. 12 is a view that the aforesaid conditions 
(1) , (2) , and (6) are represented in the form of a graph 
with the pressing force P of the retard roller 7 and the 
free -running torque Tc of the torque limiter 20 being 
given as parameters. 

In Fig. 12, the portion indicated by slanted lines 
is the normal feed area. From the representation of 
Fig. 12, it is understandable that the normal feed area 
becomes wider if the sheet -feeding conditions are set 
under the directional condition (toward the upper right 
in Fig. 12) in which both the pressing force P of the 
retard roller and the free -running torque Tc of the 
retard roller are made larger. 

However, the recording apparatus provided with the 
conventional retard roller- separation described above is 
encountered with the following drawback: 

Firstly, as described above, the normal feed area 
becomes wider if the sheet- feeding conditions are set 
under the directional condition (toward the upper right 
in Fig. 12) in which both the pressing force P of the 
retard roller and the free -running torque Tc of the 
retard roller are made larger. 

However, under such condition, it becomes easier 
for the recording medium to promote the surface friction 
of the retard roller, and the retard roller tends to 
suspend the generation of the free running torque in a 
short period of time, which may bring about the drawback 
that the normal feed is disabled eventually. 

Secondly, in order to avoid the drawback described 
in the preceding paragraph, the sheet -feeding conditions 
are set under the condition in the direction (toward the 
lower left in Fig. 12) in which the pressing force P of 
the retard roller and the free-running torque Tc of the 
retard roller are both made smaller. Here, as -fmr long 
as the friction coefficient between each roller and the 



- 9 - 

medium is significantly larger than the friction 
coefficient between the medium and medium adjacent 
mediums themselves, there occurs no problem. However, 
in the case of glossy sheet sheets where the difference 
5 in friction coefficient is very small between those 

between each roller and the medium, and the medium and 
medium mediums themselves, it is inevitable to use the 
narrower area of the normal feed area shown in Fig. 12, 
which is fundamentally narrow as a whole. As a result, 

10 when being fed, double feeding tends to occur 

eventually. Particularly, in the case of the ink jet 
recording apparatus where it is necessary to feed and 
convey various and many kinds of medium, this harmful 
effect may take place often. 

15 As described above, it is very difficult to set the 

sheet -feeding condition under which all the medium kinds 
of mediums can be fed and conveyed stably, and the 
condition should be set at the sacrifice of some other 
medium, one kind or another. 

20 

SUMMARY OF THE INVENTION 

Now, therefore, the present invention is designed 
to solve the problems discussed above. It is an object 
of the invention to provide a sheet material conveying 
25 apparatus, a recording apparatus, and a recording 

system, — thus preventing system that can prevent the 
occurrence of double feeding of sheet material, while 
attempting the longer maximizing the life of the 
rollers . 

3 0 For the achievement of the aforesaid object, the 

sheet material conveying apparatus of one aspect of the 
first invention is provided with sheet material holing 
means for stacking and holding plural sheets of 
recording material ; material , a driving roller for 

35 feeding and conveying the sheet material ; material , and 



a driven roller to be in contact with the driving roller 
under pressure exerted by a constant load to follow the 
rotation th e r e of ; thereof . to convey sheet material one 
by one after separating it by the driving roller and the 
driven roller from those stacked and held by sheet 
material holding means, comprises a torque limiter 
having means for changing load torque to provide 
rotating- load torque when the driving roller rotates in 
the conveying direction of the sheet material, and to 
change the rotating- load torque thus generated, and 
operating means capable of operating the sheet material 
conveying means from the outside for controlling the 
rotating- load torque generated by the load torque 
changing means . 

The sheet material conveying apparatus of the 
present invention structured as described above is 
capable of changing the rotating- load torque so as to be 
in agreement with the optimal condition of conveyance, 
which is changeable depending on the kind of sheet 
material and others other factors , thus making it 
possible to materialize the sheet material conveying 
apparatus, which is able to convey various kinds of many 
sheet materials stably. 

In accordance with the second invention, it is made 
possible to select plural steps of rotating- load torque 
by operating means. Therefore, the rotating-load torque 
can be selected corresponding to the condition of the 
kind of sheet material and others . 

In accordance with the third invention, the lever, 
which is movable to plural positions, is provided as 
operating means for selecting the rotating-load torque 
corresponding to the conditions of the kind or of sheet 
material and others . 

In accordance with the fourth invention, a torque 
limiter comprises an inner race shaft that forms a part 
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of a driven roller shaft; a spring wound around the 
outer circumference of the inner race shaft; and means 
for changing load torques provided with a first spring- 
end fixing portion that fixes one end of the spring, and 
a second spring-end fixing portion that fixes the other 
end of the spring, being structured to rotate the second 
spring-end fixing portion by the rotation of its own 
with the inner race shaft as the center of rotation. 
Then, the arrangement is made to make it possible to 
rotate the means for changing load torques by use of 
operating means. Therefore, by changing the tightening 
force of spring,. the rotating-load torque can be 
changed . 

In accordance with the fifth invention, means for 
changing load torques is provided with a first actuator 
that provides rotational force, and a first driving 
transmitting means that transmits the driving power of 
the first actuator to the means for changing load 
torques. Thus, with the actuator being energized, it is 
possible to change the rotating-load torques. 

In accordance with the sixth invention, means for 
changing loads, which changes the contact load between 
the driving roller and driving driven roller, is 
provided to make it possible to change the contact load 
in addition to the rotating-load torque by controlling 
with operating means the pressurized contact load 
generated by the means for changing loads so as to be in 
agreement with the optimal condition of conveyance that 
may change depending on the kinds of sheet material and 
others other factors . 

In accordance with the seventh invention, operating 
means is arranged to be able to select the combinations 
between plural steps of rotating-load torques and 
pressurized contact loads. Then, the rotating-load 
torque can be selected corresponding to the conditions 
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of the kind of recording medium and others other 
factors . 

In accordance with the ei g hth invention, the 
structure is arranged so that means for changing loads 
is provided with the pressing spring that presses the 
driving roller and driven roller to be in contact with 
each other under pressure, and means for changing the 
loads to be generated by the pressing spring. As a 
result, it becomes possible to change the rotating- load 
torques and pressurized- contact loads to be in agreement 
with the optimal condition of conveyance that may change 
depending on the kind of sheet material and others other 
factors . 

In accordance with the ninth invention, the 
structure is arranged so that means for changing loads 
is provided with a second actuator that gives driving 
power, and second driving transmitting means that 
transmits the driving power of the second actuator to 
the means for changing loads. Therefore, with each of 
the actuators being energized for driving, it is 
possible to change the rotating- load torques and the 
pressurized-contact loads . 

In accordance with the t e nth invention, a first 
actuator and a second actuator are shared for use . 
Therefore, when energizing the actuator for driving, it 
is possible to change the rotating- load torque and the 
pressurized-contact load. 

In accordance with the e lev e nth invention, a 
recording apparatus provided with an ink jet recording 
head for discharging ink, which records recording 
information by recording means on a sheet material 
serving as a recording medium, comprises a sheet 
material conveying apparatus of the present invention, 
and means for changing distances that changes the 
distance between the surface of the ink jet head facing 
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the surface of the recording medium where recording is 
being made. Then, operating means controls the means 
for changing distances. 

The recording apparatus of the present invention 
5 thus structured makes it possible to set the optimal 

rotating- load torque, pressurized-contact load, and 
distance to the surface of the recording medium in 
accordance with the kind of recording medium to be used. 
In accordance with the twelfth invention, a 

10 recording system of the present invention, which 

controls recording by the recording apparatus of the 
present invention, comprises a host apparatus that 
transmits recording commands to the recording apparatus; 
designating means that designates the kind of recording 

15 medium on the host apparatus; transmitting means that 

transmits to the recording apparatus the information of 
recording medium thus designated; and controlling means 
that controls the rotating-load torque generated by 
means for changing load torques in accordance with the 

2 0 information of the recording medium thus transmitted. 

The recording system of the present invention thus 
structured makes it possible to set the rotating-load 
torque on the host apparatus in accordance with the 
medium designation. 
25 In accordance with the thirteenth invention, 

controlling means controls the pressurized-contact load 
provided by means for changing loads, tus loads, thus 
making it possible to set on the host apparatus the 
rotating-load torque and the pressurized-contact load in 

3 0 accordance with the medium designation. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view that shows a recording 
apparatus in accordance with a first embodiment of the 
3 5 present invention. 
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Fig. 2 is a sectional view perpendicular to the 
surface of a sheet on the mid way midway of the sheet 
width shown in Fig. 1, which is observed toward the 
retard lever side. 

Fig. 3 is a cross-sectional view that shows a 
torque limiter. 

Fig. 4 is a graphic view that shows the dynamical 
relations for a normal sheet . 

Fig, 5 is a graphic view that shows the dynamical 
relations for a glossy sheet. 

Fig. 6 is a flowchart that illustrates the 
operation of pressure and rotational -load torque 
selection. 

Fig. 7 is a perspective view that shows a recording 
apparatus in accordance with a second embodiment of the 
present invention. 

Fig. 8 is a side view that shows one conventional 
example of the sheet feeding and separation device that 
adopts the retard method. 

Fig. 9 is a perspective view that shows one 
conventional example of the driving transmission device . 

Fig. 10 is a view that represents the dynamic model 
when only one sheet of medium enters the separating 
portion. 

Fig. 11 is a view that represents the dynamic model 
when two sheets of medium enter the separating portion. 

Fig. 12 is a graphic view that shows the pressing 
force P of the retard roller, and the free-running 
torque Tc of the torque limiter as parameters. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, with reference to the accompanying drawings, 
the description will be made of the embodiments in 
accordance with the present invention. 
(First Embodiment) 
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Fig. 1 is a perspective view that shows the entire 
body of a recording apparatus in accordance with the 
present embodiment . 

The sheet -feeding cassette 2, which stores sheets 1 
5 serving as recording medium, is held at a position as 

shown in Fig. 1 by supporting means (not shown) , and 
approximately 150 sheets 1 can be set in the sheet - 
feeding cassette 2. A sheet-feeding roller 3 rotates to 
feed and convey the sheet 1 in the direction indicated 

10 by an arrow a by use of driving means and driving 

transmission means (not shown) . Also, there is a 
pressure plate (not shown) is arranged in the sheet - 
feeding cassette 2, which presses all the e ntir e sheets 
upward when being fed so that the uppermost sheet 1 is 

15 enabled to be in contact with the sheet-feeding roller 

3- After this contact, the sheet-feeding roller 3 
rotates to feed the sheet 1. A conveying roller 4 
rotates in the same direction as the sheet -feeding 
roller 3 by driving means and driving transmission means 

2 0 (not shown) . Rubber is wound around the surface of the 

conveying roller 4. Rubber is also wound around the 
surface of a retard roller 5. A retard roller shaft 6 
is arranged to be extended in the widthwise direction of 
the sheet 1. The retard levers 7 and 8, which support 
25 the left and right ends of the retard shaft 6, 

respectively, are supported by side plates (not shown) , 
and structured to be freely rotative centering on a 
rotation-center shaft 9. The upper parts of retard 
pressure springs 12 and 13 are hooked to the spring 

3 0 latches of the retard levers 7 and 8, respectively. The 

lower parts thereof are hooked to the hooks 14 and 15. 
The spring hooks 14 and 15 are integrally formed with a 
slider 16. The slider 16 is provided with two sliding 
portions 17 and 18. The sliding portions 17 and 18 are 
35 fitted into the slide holes 20 and 21 of a base 19 so as 
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to be linearly movable up and down. As a result, the 
entire body of the slider 16 can move up and down. In 
the state shown in Fig. 1, these two springs are 
charged, and the retard levers 7 and 8 are given load in 
the clockwise direction. With such load, the retard 
roller 5 is pressed to be in contact with the conveying 
roller 4 with 2 . 9 N in accordance with the present 
embodiment. In this state, the retard roller 5 follows 
the rotation of the conveying roller 4. The retard 
roller shaft 6 is also allowed to rotate together with 
the retard roller 5. The retard roller shaft 6 is 
inserted into the inside of a torque limiter 10, which 
functions to give a load torque of approximately 0.03 
N*m when the retard roller 5 follows the rotation of the 
conveying roller 4. 

A limiter gear 11 forms a part of the torque 
limiter 10. The limiter gear 11 is connected to a motor 
gear 24 by way of an idler gear 23 arranged through a 
supporting plate (not shown) fixed to the idler gear 22, 
which is fixed to the retard lever 8, and to the base 19 
as well. The motor gear 24 is fixed to the rotational 
shaft of a motor 25. Further, coaxially with the 
rotational shaft of motor 25, an extension shaft 26 is 
fixed through a coupling (not shown) , and on the 
opposite side of the extension shaft 26, there is 
provided a gear 2 7 having the same configuration as the 
motor gear 24. When the motor 25 is energized, the 
motor gear 24 and the gear 27 are allowed to rotate 
altogether together. The details of the connecting 
portion of these gears will be described hereunder in 
conjunction with Fig. 2. 

Fig. 2 is a sectional view perpendicular to the 
surface of the sheet 1 almost on the midway of the sheet 
width shown in Fig. 1, which is observed toward the 
retard lever 8 side. As described above, the structure 



is arranged to contain the motor gear 24 to the limiter 
gear 11 by way of idler gears 23 and 22, that is, it is 
made capable of rotating the limiter gear 11 when the 
motor 25 is energized. 

On the other hand, the motor gear 24 is also 
arranged to engage with the lack portion 2 8 provided for 
the slider 16, and the structure is formed so as to make 
the lack portion 28, or the entire body of the slider 
16^ movable up and down, when the motor 25 is energized. 
The lack portion is also arranged as another lack 
portion 2 9 on the opposite side as shown in Fig. 1 and 
allowed to engage with the gear 27. 

In this way, by the rotation of the motor gear 24, 
the slider 16 moves up and down. Therefore, spring 
hooks 14 and 15 move up and down so that the charged 
amount of retard pressure springs 12 and 13 are caused 
to change. Thus, it becomes possible to change the 
contact force of the retard roller 5 against the 
conveying roller 4 . 

Next, the description will be made of the inner 
structure of the torque limiter 10 in conjunction with 
Fig. 3, which is a cross -sectional view of the torque 
limiter. 

To the inner race 30, the retard roller shaft 6, 
which is indicated by two-dot chain lines, is inserted. 
The inner race 3 0 and the retard roller shaft 6 are 
fixed in the rotational direction by use of a groove 31, 
and it is arranged to rotate the retard roller shaft 6 
and the inner race 3 0 integrally when the spring pin, 
which is inserted into a hole (not shown) provided for 
the retard roller shaft 6, is fitted into the groove 31. 
The inner race 30 is axially supported by the outer case 
32, which is fixed to the retard lever 8. The right end 
of the stepped spring 33, which is located in the outer 
case 32 and wound aroung around the inner race 30, is 
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inserted into and fixed to the end hole 36 provided for 
the outer case 32. The stepped spring 33 is provided 
with a smaller-diameter portion 33a, which is wound 
around the inner race 30 closely, and the larger- 
diameter portion 33b, which is formed with a gap to the 
inner race 30. The aforesaid limiter gear 11 is fitted 
into the outer case 32, and dually serves as a lid to 
prevent the stepped spring 30 from falling off. An end 
hole 37 is provided for the limiter gear 11, into which 
the left end of the stepped spring 33 on the larger- 
diameter 33b side is inserted and fixed. Since the 
limiter gear 11 is rotative centering on the axial 
center of the retard roller shaft 6, the spring-end hole 
37 also rotates. With the rotation of the spring-end 
hole 37, the larger-diameter portion of the stepped 
spring 33 is displaced, and this is transmitted to the 
smaller-diameter portion to enable the tightening force 
against the inner race 30 to be changed. As a result, 
the rotating- load torque of the inner race 3 0 is allowed 
to change. Consequently, the rotating- load torque of 
the retard roller 5 is caused to change. 

With the structure arranged as described above, it 
becomes possible to change the pressurized contact force 
of the retard roller 5 against the conveying roller 4, 
and the rotating- load torque of the retard roller 5 
simultaneously. The changing orientation is arranged so 
that the larger the pressurized contact force, the 
larger becomes the rotating-load torque. The reasons: 
as clear from Fig. 12, which shows the dynamical 
relations in the form of a graph, the normal area of 
sheet feed and conveyance is made larger when the 
condition is set in the direction in which both the 
pressurized contact force of the retard roller 5 against 
the conveying roller 4 and the rotating-load torque of 
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the retard roller 5 are made larger. Thus the stable 
feed and conveyance -an? are made possible. 

Fig. 4 is a graphical view of the dynamical 
relations with respect to the normal sheet. Fig. 5 is a 
5 graphical view of the dynamical relations with respect 

to the glossy sheet used for ink jet recording. In 
general, the glossy sheet used for ink jet recording is 
provided with an ink acceptance layer on the surface 
thereof. Therefore, the surface is easier to absorb 

10 moisture, and the sheets of the such kind tend to stick 

to each other. Therefore, the friction coefficient 
between the sheets becomes larger than that between the 
normal sheets. Also, the friction coefficient between 
the surface rubber of the feed and conveying roller and 

15 the surface of the sheet tends to be equal to or 

slightly smaller than that of the normal sheet- As a 
result, when th o se the relations represented in Fig. 4 
and Fig. 5 are compared, the normal area of feed and 
conveyance becomes narrower for the glossy sheet shown 

2 0 in Fig. 5, and the occurrence of double feed or disable 

disabled feed becomes more frequent. Therefore, it is 
understandable that when the glossy sheet is used for 
recording, the pressurized contact force against the 
conveying roller 4, and the rotating-load torque of the 

2 5 retard roller 5j. are both conditioned to be in the 

direction to make them larger so as to enable the wider 
area of the normal feed and conveyance to be used as 
much as possible for obtaining a better result. 

However, for a normal sheet, it is desirable to set 

30 a lower pressurized contact force and rotating-load 

torque than those given to a glossy sheet in 
consideration of the durability of the retard roller 5, 
because the area of normal feed and conveyance is wider 
as shown in Fig. 4. 

35 More specifically, the setting is made as follows: 
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Condition set for using a normal sheet: Pressure 
1.8 N, and rotating-load torque 0.02 N-m 

Condition set for using a glossy sheet: Pressure 
3*1 N, rotating- load torque 0.03 N*m 
5 Actually, however, there occur errors in the 

pressurized contact force and the rotating- load torque 
due to the variations of parts, and the settings are 
made within each range centering on each of the 
aforesaid values, which is indicated with the square in 

10 Fig. 4 and Fig. 5, respectively. 

As operating means for indicating the rotational 
amount of the motor 25, any means should be effectively 
applicable if only the user is able to select it by use 
of the selection buttons for the kind of sheet to be 

15 used, which is provided for the main body of a recording 

apparatus (not shown) or from indication means, such as 
an LCD provided for a recording apparatus. 

Also, regarding the combination of selected 
pressurized contact force and the rotating-load torque, 

20 it should be good enough if only the number of 

combinations is determined depending on the kinds of 
sheet material that a particular recording apparatus can 
handle or the magnitude of difference between the 
characteristics of the sheets to be used. There is no 

2 5 need for making it possible to select any one of all the 

combinations in which all kinds of sheet material are 
combined with each other, respectively. For the present 
embodiment, it is determined that the sheet feeding can 
be executed normally for all kinds of sheets only with 

30 the two combinations. In this case, if only the phase 

of the motor gear 24 can be determined to be either one 
of the two positions by use of an optical sensor (not 
shown) or the like, it is easy to make switching between 
them. 
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Now, hereunder, the description will be made of the 
selecting operation of the pressurized contact force and 
the rotating-load torque in conjunction with a flowchart 
shown in Fig. 6. 

At first, in Step 1, the electric source supply is 
turned on. In Step 2, the output of a sensor (not 
shown) , which detects the gear phase, is examined in 
order to set the pressurized contact force and the 
rotating-load torque for use of a normal sheet. Thus, 
initialization is carried out. More specifically, while 
the output of the sensor is being monitored, the motor 
25 is caused to rotate regularly or reversely, and it 
stops when the sensor confirms that the motor gear 24 
presents the predetermined phase. If the motor 25 is a 
pulse motor, such phase is kept by energizing it or if 
the resistance of the gear train is large, the gear 
phase is kept with the motor being turned off without 
energizing it. 

Next, in Step 3, the sheet is selected. In Step 4, 
it is determined whether or not the selected sheet is a 
normal sheet. If it is found to be a normal sheet, the 
sheet feeding and recording are executed as it is in 
Step 6. If it is found to be a glossy sheet or the 
like, not «crt a normal sheet, the motor 25 is energized 
in Step 5 to enable the motor to rotate for a 
predetermined amount, thus changing the pressurized 
contact force and the load torque. In Step 7, it is 
determined whether or not the recording is completed. 
If negative, the process returns to the Step 3 where a 
sheet is selected, and the same flow is repeated. If 
affirmative, the electric source supply is turned off in 
Step 8 to end the operation. 

Here, for the present embodiment, the torque 
limiter, which utilizes the tightening force of spring, 
is adopted, but the magnetic type limiter, which is 
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capable of changing torque by the intensity of magnetic 
power, or the slip type limiter, that uses the friction 
force generated when sheet materials themselves are 
caused to be in contact under pressure, and changes 
5 torque with changes in the pressurized contact force, or 

any others are equally usable for the present invention 
if only the type of a limiter used should be able to 
change the rotating-load torque. 

Also, for the variability of pressurized contact 

10 force of the retard roller 5 against the conveying 

roller 4, besides the tensioning soring, a compression 
spring, a screw-recoiling spring, or the like is also 
executable in the same thought, — besides the tensioning 
spiring usable. Also, it may be possible to change the 

15 pressurized contact force by means of electromagnetic 

force or the like other than the use of spring. 

Also, in accordance with the embodiment described 
above, both the pressurized contact force of the retard 
roller 5 against the conveying roller 4, and the 

20 rotating-load torque of the retard roller 5 are changed. 

The embodiment is not necessarily limited thereto. 
Depending on the setting of conditions, there is a case 
where the normal sheet feeding can be implemented with 
either one of them being made variable. 

25 In addition, in the case of an ink jet recording 

apparatus, it is often arranged to provide means, such 
as a lever, for changing the distance between the ink 
jet recording head and the surface of medium in 
accordance with the thickness of a sheet to be used. If 

3 0 the structure is arranged so that interlocked with this 

means for making the distance variable, the pressurized 
contact force and rotating-load torque are allowed to 
change accordingly, there is no need for effectuating 
individual setting. Thus, it is made possible to 
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materialize an apparatus excellent in operability, and 
also, capable of performing sheet feeding stably. 
(Second Embodiment) 

Fig. 7 is a perspective view that shows the entire 
5 body of a recording apparatus in accordance with the 

present embodiment . 

In Fig. 7, the description will be omitted for the 
portions having the same functions as those of the first 
embodiment. Only the different portions will be 

10 described. 

The lever 50, which is arranged to protrude from 
the outer case (not shown) of the recording apparatus, 
is capable of execute executing positioning at the left 
and right positions. Also, an idler gear 51 is arranged 

15 to rotate corresponding to the position of the lever 50. 

As in the case of the first embodiment, both the 
pressurized contact force of the retard roller 5 against 
the conveying roller 4 and the rotating- load torque of 
the retard roller 5 are made variable corresponding to 

20 the phase of the idler gear 51. Therefore, it becomes 

possible to perform sheet feeding stably for various 
kinds of medium without using an actuator, such as a 
motor . 

(Third Embodiment) 

25 It is a prerequisite to arrange the medium setting 

provision for a printer driver, which is installed on a 
host apparatus represented by a personal computer, 
because it is related to the setting of the ink- 
discharge amount or the recording mode of an ink jet 

3 0 recording apparatus . 

Therefore, if it is arranged to transmit the 
information regarding the medium setting at that time, 
and then, to change the pressurized contact force 
against the conveying roller 4 and the rotating- load 

35 torque of the retard roller 5 in accordance with the 
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information thus transmitted, there is no need for 
making the changes of the sheet -feeding conditions 
separately from the setting of other asp e ct as pects , 
such as the recording mode. As a result, a recording 
system having excellent operability can be materialized. 

As described above, in accordance with one aspect 
of the first invention, the sheet material conveying 
apparatus, which is provided with sheet material holing 
means for stacking and holding plural sheets of 
recording mat e rial ; material , a driving roller for 
feeding and conveying the sheet material ; material , and 
a driven roller to be in contact with the driving roller 
under pressure exerted by a constant load to follow the 
rotation thereof, thereof , to convey sheet material one 
by one after separating it by the driving roller and the 
driven roller from those stacked and held by sheet 
material holding means, comprises a torque limiter 
having means for changing load torque to provide 
rotating- load torque when the driving roller rotates in 
the conveying direction of the sheet material, and to 
change the rotating- load torque thus generated, and 
operating means capable of operating the sheet material 
conveying means from the outside for controlling the 
rotating- load torque generated by the load torque 
changing means . 

The sheet material conveying apparatus of the 
present invention structured as described above is 
capable of changing the rotating-load torque so as to be 
in agreement with the optimal condition of conveyance, 
which is changeable depending on the kind of sheet 
material and others other factors , thus making it 
possible to materialize the sheet material conveying 
apparatus, which is able to convey various kinds of many 
sheet materials stably. 



In accordance with another aspect of the s e cond 
invention, it is made possible to select plural steps of 
rotating-load torque by operating means. Therefore, the 
rotating-load torque can be selected corresponding to 
the condition of the kind of sheet material and oth e rs 
other factors . Thus, it becomes possible to materialize 
a sheet material conveying apparatus capable of 
conveying various kinds of many sheet materials stably 
with excellent operability. 

In accordance with a further aspect of the third 
invention, the lever, which is movable to plural 
positions, is provided as operating means for selecting 
the rotating-load torque corresponding to the conditions 
of the kind oir of sheet material and others other 
factors. Therefore, it is made possible to materialize 
a sheet material conveying apparatus capable of 
conveying various kinds of many sheet materials stably 
with excellent operability at low costs. 

In accordance with yet another aspect of the fourth 
invention, a torque limiter comprises an inner race 
shaft that forms a part of a driven roller shaft ; shaft , 
a spring wound around the outer circumference of the 
inner race shaft ; shaft , and means for changing load 
torques provided with a first spring-end fixing portion 
that fixes one end of the spring, and a second spring- 
end fixing portion that fixes the other end of the 
spring, being structured to rotate the second spring-end 
fixing portion by the its own rotation of its own with 
the inner race shaft as the center of rotation. Then, 
the arrangement is made to make it possible to rotate 
the means for changing load torques by use of operating 
means. Therefore, by changing the tightening force of 
the spring, the rotating-load torque can be changed, 
hence making it possible to materialize a small and 
inexpensive sheet material conveying apparatus capable 



of conveying various kinds of many sheet materials with 
excellent operability. 

In accordance with a still further aspect of the 
fifth invention, means for changing load torques is 
provided with a first actuator that provides rotational 
force, and a first driving transmitting means that 
transmits the driving power of the first actuator to the 
means for changing load torques. Thus, with the 
actuator being energized for driving, the degree of 
freedom in setting the position of the means for 
changing load torques is increased, while being combined 
with a sensor for detecting the phase of means for 
changing load torques directly or indirectly, it is made 
possible to initialize the load torque. With the 
structure thus arranged, it becomes possible to 
materialize a sheet material conveying apparatus capable 
of conveying various kinds of many sheet materials 
stably with higher reliability, because any possible 
danger of unfavorable influence exerted on the sheet 
conveyance or on the durability of the device is 
reduced, which may otherwise occur if the user forgets 
returning the setting of the load torque to the initial 
stage . 

In accordance with another aspect of the sixth 
invention, means for changing loads, which changes the 
contact load between the driving roller and driving 
driven roller, is provided to make it possible to change 
the contact load in addition to the rotating- load torque 
by controlling with operating means the pressurized 
contact load generated by the means for changing loads 
so as to be in agreement with the optimal condition of 
conveyance that may change depending on the kinds of 
sheet material and o thers other factors . Thus, it is 
made possible to materialize a sheet material conveying 



apparatus capable of conveying various kinds of many 
sheet materials in a wider range. 

In accordance with yet another aspect of the 
s e v e nth invention, operating means is arranged to be 
able to select the combinations between plural steps of 
rotating-load torques and pressurized contact loads. 
Then, the rotating-load torque can be selected 
corresponding to the conditions of the kind of recording 
medium and others other factors to make it possible to 
materialize a sheet material conveying apparatus capable 
of conveying various kinds of many sheet materials 
stably with excellent operability. 

In accordance with a further aspect of the eighth 
invention, the structure is arranged so that means for 
changing loads is provided with the pressing spring that 
presses the driving roller and driven roller to be in 
contact with each other under pressure, and means for 
changing the loads to be generated by the pressing 
spring. As a result, it becomes possible to change the 
rotating-load torques and pressurized-contact loads to 
be in agreement with the optimal condition of conveyance 
that may change depending on the kind of sheet material 
and oth e rs other factors . There is no need for the 
adoption of any large-scale electric type torque limiter 
and means for changing loads. Thus, it becomes possible 
to materialize a small and inexpensive sheet material 
conveying apparatus capable of conveying various kinds 
of many sheet materials with excellent operability. 

In accordance with yet another aspect of the ninth 
invention, the structure is arranged so that means for 
changing loads is provided with a second actuator that 
gives driving power, and second driving transmitting 
means that transmits the driving power of the second 
actuator to the means for changing loads. Therefore, 
with each of the actuators being energized for driving. 
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the rotating-load torques and the pressurized-contact 
loads can be changed so as to increase the degree of 
freedom in setting the position of the means for 
changing load torques, while being combined with a 
sensor for detecting the phase of means for changing 
load torques directly or indirectly, it is made possible 
to initialize the load torque. With the structure thus 
arranged, it becomes possible to materialize a sheet 
material conveying apparatus capable of conveying 
various kinds of many sheet materials stably with higher 
reliability, because any possible danger of unfavorable 
influence exerted on the sheet conveyance or on the 
durability of the device is reduced, which may otherwise 
occur if the user forgets returning to return the 
setting of the load torque to the initial stage. 

In accordance with a still further aspect of the 
tenth invention, a first actuator and a second actuator 
are shared for use. Therefore, a highly reliable -sheet 
material conveying apparatus capable of conveying 
various kinds of many sheet materials stably can be 
materialized at lower costs. 

In accordance with still another aspect of the 
eleventh invention, a recording apparatus provided with 
an ink jet recording head for discharging ink, which 
records recording information by recording means on a 
sheet material serving as a recording medium, comprises 
a sheet material conveying apparatus of the present 
invention, and means for changing distanc e s that changes 
the distance between the surface of the ink jet head 
facing the surface of the recording medium where 
recording is being made. Then, operating means controls 
the means for changing distances. As a result, the 
optimal rotating-load torque, pressurized-contact load, 
and distance to the surface of the recording medium can 
be set in accordance with the kind of recording medium. 
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There is no need for performing each individual setting. 
Thus, it is made possible to materialize a recording 
apparatus capable of feeding and conveying various kinds 
of many sheets of recording medium stable with excellent 
5 operability. 

In accordance with yet a further aspect of the 
tw e lfth invention, a recording system of the present 
invention, which controls recording by the recording 
apparatus of the present invention, comprises a host 

10 apparatus that transmits recording commands to the 

recording a p paratus ; apparatus . designating means that 
designates the kind of recording medium on the host 
apparatus; apparatus , transmitting means that transmits 
to the recording apparatus the information of recording 

15 medium thus desi g nat e d; designated, and controlling 

means that controls the rotating- load torque generated 
by means for changing load torques in accordance with 
the information of the recording medium thus 
transmitted. Therefore, the rotating- load torque can be 

20 set on the host apparatus in accordance with the medium 

designation. There is no need for setting the sheet- 
feeding conditions individually. Hence, it is made 
possible to materialize a recording apparatus capable of 
stably performing sheet feeding for various kinds and 

25 many sheets of recording medium with excellent 

operability. 

In accordance with yet another aspect of the 
thirteenth invention, it is possible to materialize a 
recording apparatus capable of stably performing sheet 

3 0 feeding with excellent operability for various kinds and 

many sheets of recording medium, because controlling 
means controls the pressurized- contact load provided by 
means for changing loads so as to be able to set on the 
host apparatus the rotating -load torque and the 
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pressurized- contact load in accordance with the medium 
de s i gna t i o n . 

As described above, in accordance with the present 
invention, the pressurized-contact load between a 
5 driving roller and a driven roller, and the rotating- 

load torque of the driven roller can be changed in 
agreement with the sheet material serving as a recording 
medium. Therefore, while attempting the provision of 
longer life for rollers, it is made possible to prevent 
10 double feeding of sheet material. 
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ABSTRACT OF THE DISCLOSURE 

A sheet material conveying apparatus is provided 
with retard levers for supporting a retard roller shaft, 
which are rotative centering on the central axis of 
5 rotation so as to press the retard roller to a conveying 

roller. Retard pressing springs are hooked to the 
spring latches of the retard levers, and the hooks of a 
slider. When the limiter gear of a torque limiter 
rotates, the tightening force exerted by a stepped 

10 spring against an inner race is caused to change, thus 

changing the rotating^ load torque of the retard roller. 
A motor enables the limiter gear to rotate, while moving 
the slider up and down. In this way, it is made 
possible to change the rotating load torque of the 

15 retard roller, while changing the pressurized contact 

force of the retard roller against the conveying roller. 
With the structure thus arranged, it is attempted to 
make the life of rollers longer, and to prevent the 
occurrence of double feeding of sheet material . 

20 
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